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PREFACE 


This  report  describes  the  main  portion  of  the  mechanical  engineering 
support  furnished  to  the  Air  Support  Operations  Center  (ASOC)  Fiber  Optic 
Remoting  Project.  The  ASOC  project  was  an  RADC  in-house  program  to  design  a 
tactical  fiber  optic  comnuni cati on  link  to  replace  the  conventional  metallic 
cables.  The  work  that  is  reported  here  consists  of  the  computer  assisted 
thermal  analysis  and  design  and  the  laboratory  temperature  measurement  of  the 
electronics  contained  in  the  ASOC  fiber  optic  transceiver.  The  thermal  analy¬ 
sis  was  made  by  modeling  the  ASOC  module  and  then  using  the  Systems  Improved 
Numerical  Differencing  Analyzer  (SINDA)  thermal  analyzer  computer  program  to 
calculate  the  component  temperatures.  The  temperature  measurement  was  made 
using  thermocouples  and  a  Hewlett  Packard  data  acquisition  system.  In  addition 
to  the  work  that  is  reported  here,  a  temperature  measurement  of  the  operating 
ASOC  power  supply  and  a  reliability  demonstration  of  the  ASOC  module  were  made 
in  support  of  the  ASOC  project.  The  ASOC  thermal  design  and  laboratory  meas¬ 
urement  was  performed  between  September  1980  and  February  1982.  Mr.  Seymour 
Morris  was  employed  by  RADC  under  the  Sumner  Engineering  Aid  Program  during  the 
summer  of  1981.  The  authors  also  wish  to  acknowledge  the  work  performed  by  Mr. 
John  Carbone  (RADC/RBE-1)  on  this  project.  This  included  a  considerable  amount 
of  laboratory  thermal  measurement  work  as  well  as  assistance  in  running  the 
thermal  model  on  the  computer. 
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I  INTRODUCTION 


The  Air  Support  Operations  Centers  (ASOC)  deployed  in  support  of  the  North 
Atlantic  Treaty  Organization  (NATO)  operate  under  a  severe  weight  constraint 
in  order  to  maintain  a  highly  mobile  posture.  A  continuing  problem  in  this 
area  is  the  weight  and  volume  of  the  electrical  cable  that  is  required  by  the 
comnunication  systems  in  the  ASOCs.  A  fiber  optic  communication  system  is 
currently  being  developed  at  RADC  to  reduce  the  weight  and  volume  of  the 
system.  Two  electrical/optical  transceivers  connected  by  a  dual  fiber  optic 
cable  can  directly  replace  the  26-pairmetallic  cable  that  is  presently  being 
used  for  communications  between  stations.  The  new  fiber  optic  system  (Fig  1) 
will  have  the  following  advantages  over  the  old  system: 

a.  A  75%  reduction  in  weight  and  volume. 

b.  Improved  transmission  performance. 

c.  Longer  lengths  of  cable  on  each  reel,  thus  allowing  for  increased 
distances  between  stations  which  will  increase  survivability  and  improve  oper¬ 
ational  flexibility. 

d.  The  elimination  of  ground  loops,  cross  talk,  electromagnetic  inter¬ 
ference,  and  electromagnetic  pulse  associated  with  the  use  of  metallic  conduc¬ 
tors. 

The  trend  in  military  electronic  equipment  has  been  to  make  systems  as 
compact  as  possible  for  ease  of  installation  and  transportation.  Compactness 
leads  to  high  component  density  which,  in  turn,  may  lead  to  excessive  component 
temperatures.  Since  inadequate  cooling  is  a  primary  cause  of  poor  reliability 
in  military  electronic  equipment,  a  thermal  analysis  was  performed  on  the  ASOC 
transceiver  unit  to  increase  component  reliability.  Desired  performance  and 
reliability  levels  can  only  be  accomplished  if  the  electronic,  thermal  and 
mechanical  designs  are  all  well  executed  and  carefully  integrated.  Because  of 
a  time  limitation,  these  designs  were  not  integrated  sufficiently  to  achieve  an 
optimized  thermal  design.  The  transceiver  case  dimensions  were  specified  by 
ASOC  early  in  the  development  stages  so  that  existing  connectors  on  the  sides 
of  the  shelters  could  be  used.  Also  the  electronic  design  could  not  easily  be 
changed  to  accommodate  more  efficient  heat  sinks. 
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ASOC  SEPARATION  DISTANCE 


II  COOLING  METHODS 

Conduction  and  convection  cooling  are  the  two  methods  used  to  cool  the 
ASOC  transceiver  unit. 

Conduction  cooling  involves  the  transfer  of  kinetic  energy  from  one  mole¬ 
cule  to  another.  Conductive  heat  transfer  occurs  in  all  solid  materials  and 
may  also  occur  through  air  if  the  air  space  between  the  two  surfaces  is  less 
than  h  inch.  But  because  of  its  high  thermal  resistance,  the  amount  of  heat 
transferred  through  air  is  very  small.  Conduction  is  the  primary  method  used 
to  transfer  heat  from  the  heat  producing  components  to  the  outside  of  the 
transceiver  case.  This  is  usually  accomplished  by  fastening  a  copper  heat  sink 
to  the  frame  and  then  making  a  contact  between  the  heat  sink  and  the  heat 
producing  component. 

Convection  is  the  transfer  of  heat  from  the  surface  of  a  solid  to  a  moving 
mass  of  fluid,  either  a  gas  or  a  liquid.  This  mode  of  heat  transfer  is  brought 
about  through  a  change  of  density  of  the  air  when  it  warms.  The  change  of 
density  makes  the  air  rise  and  dissipates  the  heat.  This  is  the  method  used  to 
transfer  heat  from  the  transceiver  case  to  the  ambient  air. 

III  ANALYSIS  METHOD 
1.  Thermal  Terms 

A  thermal  network  has  many  similarities  to  an  electrical  one  as  listed 
below: 

THERMAL  ELECTRICAL  THERMAL  DEFINITION 

Temperature  Voltage  The  potential  that  causes  heat 

to  flow  from  hotter  areas  to 
cooler  ones,  (temperature  difference) 

Heat  Flux  Electrical  Current  The  power  that  an  electrical 

component  dissipates. 

Thermal  Resistance  Electrical  Resistance  The  resistance  to  heat  flow 

from  one  point  to  another. 
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Thermal  Conductance  Electrical  Conductance  The  ability  to  conduct 

heat  from  one  point  to 
another. 

Ultimate  Heat  Sink  Ground  This  is  the  ambient  air 

around  the  transceiver 
unit. 

2.  Kirchhoff's  Laws  for  a  Thermal  Network 

Kirchhoff's  laws  may  be  applied  once  a  steady  state  condition  has  been 
reached  in  the  thermal  circuit.  Kirchhoff's  laws  for  a  thermal  circuit  are: 

a.  The  sum  of  all  the  heat  arriving  at  any  junction  in  a  circuit  is  equal 
to  the  sum  of  all  the  heat  leaving  that  junction. 

b.  Around  any  closed  loop,’ the  sum  of  the  temperature  rises  is  equal 
to  the  sum  of  the  temperature  drops. 

When  Kirchhoff's  laws  are  applied  to  anything  but  the  smallest  of  thermal 
circuits,  the  resulting  simultaneous  equations  need  to  be  solved  with  the  aid 
of  a  computer. 

3.  Network  Analysis 

The  Systems  Improved  Numerical  Differencing  Analyzer  (SINDA)  is  a 
computer  program  that  is  designed  to  handle  lumped  parameter  thermal  analysis 
problems  that  are  represented  in  an  electrical  analogy.  This  program  allows  a 
maximum  of  16,383  nodes  to  be  defined  in  any  single  problem.  Four  types  of 
data  must  be  input  to  the  program.  They  are  the  node,  source  and  conductor 
data  along  with  the  initial  temperatures  of  the  nodes.  The  program  will  then 
apply  Kirchhoff's  laws  from  this  data  and  solve  the  resulting  equations  for  the 
node  temperatures. 

Node  data  consists  of  the  node  number,  initial  temperature  of  the  node, 
and  the  type  of  node.  Three  node  types  are  possible.  Each  node  type  is  listed 
below  along  with  its  specific  properties: 

(1)  Diffusion  -  Has  thermal  capacitance  and  can  store  energy. 

(2)  Arithmetic  -  Has  zero  thermal  capacitance. 

(3)  Boundary  -  Has  a  constant  temperature. 
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The  source  data  consists  of  the  node  number  and  heat  output  (wattage)  of 
that  node. 

The  conductor  data  input  consists  of  an  assigned  conductor  number,  the 
node  numbers  that  the  conductor  is  connected  to,  and  the  conductance  value  for 
the  conductor.  The  conductance  value  for  a  conductor  is  the  reciprocal  of  the 
thermal  resistance  between  the  two  nodes. 

Node  numbers  are  assigned  any  time  there  is  a  significant  thermal  resist¬ 
ance  and  a  temperature  difference  between  one  location  and  another. 

IV  METHODS  OF  CALCULATING  THERMAL  RESISTANCE 

There  are  three  types  of  thermal  resistances  that  occur  in  the  ASOC 

transceiver  unit.  They  are  conductive,  convective  and  contact  resistance. 

The  equation  used  to  calculate  the  thermal  resistance  (R)  for  conduction 

cooling  is  given  by  Equation  1.  The  units  of  resistance  are  °C . 

watt 

R  =  x  (Equation  1) 

U 

where:  x  -  is  the  length  between  nodes,  (in) 

A  -  is  the  cross  sectional  area  through  which  the  heat  is 
flowing,  (in  ) 

K  -  is  the  thermal  conductivity  of  the  substance  through 
which  the  heat  is  flowing.  The  units  of  thermal 
conductivity  are  watt. 

in°C 

Natural  convection  for  vertical  flat  plates,  as  we  have  on  the  outside  of 
the  case,  depends  on  the  coefficient  of  heat  transfer  hc.  For  natural  convec¬ 
tion,  the  variable  hc  defines  the  thermal  characteristics  of  the  air  film  which 
clings  to  the  plate  and  restricts  the  flow  of  heat  from  the  plate  to  the 
ambient  air.  The  empirical  equation  for  calculating  hc  is  given  by  Equation  2, 

and  the  units  of  h„  are  watt 

c  - - * — 
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(Equation  2)  (Ref  1) 


hc  =  1.062  x  10"3  (  T/L)0,25 

where:  T  -  is  the  temperature  difference  (°C)  between  the  ambient 

air  and  the  vertical  flat  plate. 

L  -  is  the  vertical  height  of  the  flat  plate  measured 
in  feet. 

The  equation  used  to  calculate  the  thermal  resistance  for  convection 
cooling  is  given  by  Equation  3. 


R  =  1 
h-A 


(Equation  3) 


where:  A  -  is  the  surface  area  of  the  flat  plate,  (in*) 

hc  -  is  the  coefficient  of  heat  transfer.  For  natural 
convection,  it  is  calculated  using  Equation  2.  It 
has  units  of  watts. 

2° 
in*  C 

A  third  type  of  thermal  resistance  is  contact  resistance.  This  occurs 
when  two  materials  are  in  direct  contact  with  each  other  with  no  other 
substance  such  as  thermal  grease  in  between.  Contact  resistance  is  really 
a  type  of  conduction  resistance  and  is  a  function  of  the  types  of  materials 
in  contact,  the  contact  pressure,  and  the  contact  area. 

The  equation  used  to  calculate  the  thermal  resistance  for  two  materials 
in  direct  contact  is  given  by  Equation  4. 


R  =  1 
h"A 


(Equation  4) 


where : 


A  - 
hc  • 


is  the  contact  area,  (in*) 

is  the  coefficient  of  heat  transfer.  For  contact 

resistance,  its  value  can  be  found  in  heat  transfer 

handbooks.  It  has  units  of  watt. 

2° 
in*  C 
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The  temperature  outputs  from  the  SINDA  Program  were  examined  for  tempera¬ 
tures  that  would  exceed  component  specifications.  If  temperature  specifica¬ 
tions  were  exceeded,  then  a  new  heat  sinking  design  was  specified,  and  revised 
thermal  conductance  data  was  input  into  the  SINDA  Program.  The  program  was 
then  rerun  and  a  new  temperature  profile  was  obtained. 

After  arbitrary  node  numbers  were  assigned  to  the  points  of  interest,  they 
were  connected  into  a  circuit  with  the  thermal  resistances  inserted  between 
them  as  shown  in  Fig  2a  -  2c. 

V  CALCULATING  THE  THERMAL  RESISTANCES 

1.  PULSE  CODE  MODULATOR  (PCM) 

The  three  PCM  boards  mounted  on  the  left  side  of  the  transceiver  will 
be  considered  first  (Fig  6).  They  each  have  eight  Integrated  Circuits  (IC's) 
mounted  on  them  as  shown  in  Fig  3.  The  IC's  that  are  assigned  Node  numbers  60- 
63  are  taller  than  the  IC's  with  Node  numbers  64-67.  For  maximum  heat  trans¬ 
fer,  all  IC's  should  come  in  contact  with  the  heat  sink;  however,  because  of 
manufacturing  difficulties,  the  copper  heat  sink  can  only  be  made  so  it  con¬ 
tacts  the  taller  IC's  and  leaves  an  air  gap  between  the  smaller  IC's  as  shown 
in  Fig  4.  The  thermal  resistance  between  the  taller  IC's  (Nodes  60-63)  and 
their  heat  sink  (Node  121)  is  calculated  using  Equation  1. 

The  thermal  resistance  between  Nodes  60-63  and  Node  121  is: 

R  =  x 
U 

x  =  .02  in 

K  .  =  .00075  watt 

air  — — 

in°C 

A  =  1.15"  x  .48"  =  .55in2 

R  =  .02  =  48.49°C 

.0U073'(35)  wa W 
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FIGURE  2a 

PRINTED  CIRCUIT  BOARD  NODES 
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IS 

a 

. 

1 

as 


WASHE  R 

The  three  PCM  boards  are  mounted  to  the  framing  studs  with 
nylon  washers  as  shown  above.  The  heat  sink  channel  contacts 
the  four  large  IC's  but  leaves  a  5/16"  air  gap  between  the  four 
smaller  IC's. 


FIGURE  4 

PCM  80ARD  HEAT  SINK  -  CROSS  SECTION 
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PCM  BOARD 


ui 
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PCM/PUSH  TO  TALK  HEAT  SINKS 


The  heat  transfer  between  the  smaller  IC's  (Nodes  64-67)  and  their  heat  sink 
(Node  121)  is  also  considered  as  conductive  heat  transfer.  This  is  because  a 
minimum  of  h  inch  between  the  IC  and  heat  sink  is  required  for  substantial 
convection  to  take  place.  Our  clearance  is  5/32  inch  (Fig  4);  thus,  we  treat 
air  as  the  conductive  material  and  use  Equation  1. 

The  thermal  resistance  between  Nodes  64-67  and  Node  121  is: 

R  =  x 
U 

x  =  5/32  in  (measured) 

Kair  =  -00075  watt  (Ref  lb) 

in°C 

A  =  .75"  x  .25"  =  .188in2 

R  =  5/32  =  1108. 16°C 

. ( .00075)  ("1I8BT  ~watT 

Since  there  are  three  identical  PCM  boards  with  identical  heat  sinking,  the 
resistance  calculations  for  the  other  two  are  the  same  as  above. 

2.  PCM  Digital/Push  to  Talk 

Because  of  space  constraints,  the  PCM  digital  and  the  push  to  talk 
board  rely  on  conduction  through  the  air  for  cooling.  The  design  is  poor,  at 
best,  and  was  utilized  here  only  because  of  the  experimental  nature  of  the 
unit.  The  push  to  talk  board  is  facing  the  PCM  heat  sink  (Node  125)  and  will 
conduct  its  heat  there. 

The  thermal  resistance  between  Nodes  290-292  and  Node  125  is: 

x  =  .25  in. 

Kair  =  • watt 


II 

.75"  x 

.25"  =  . 18in2 

R  = 

.25 

=  1852  °C 

.00075 (.18)  watt 
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FIGURE  9 

PCM  DIGITAL  BOARD 
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The  thermal  path  for  the  heat  flow  from  the  IC's  on  the  PCM  digital  board 
will  be  an  approximation  since  the  actual  path  is  very  complicated.  For  this 
approximation,  it  will  be  assumed  that  heat  flows  from  each  IC  to  both  Nodes 
121  and  127,  which  are  both  on  the  sides  of  the  PCM  heat  sink. 

The  thermal  resistance  between  IC's  (Nodes  91-102)  and  Nodes  121,  127  is 
x:  =  1" 

A  =  .5"  x  1"  =  .5in2 
x2  =  1.5" 

Rj  =  1  =  740. 7°C  (Between  IC's  and  Node  121) 

.00075(1.8)  watt 

R2  =  1.5  =  11,111°C  (Between  IC's  and  Node  127) 

.0007 5 (.18)  watt 


3.  Timing/Sequencer  (T/S)  Board 

The  T/S  board  contains  IC  Nodes  41-51  that  make  their  thermal  connec¬ 
tion  to  Node  113.  Because  of  manufacturing  difficulties,  a  heat  sink  was  not 
installed  on  the  T/S  board.  Because  of  this,  the  board  is  cooled  by  natural 
convection.  The  air  node  is  taken  as  the  case  Node  113  since  the  internal  air 
temperature  is  assumed  to  be  the  same  as  the  case  temperature. 

The  heat  transfer  coefficient  for  each  IC  would  be  determined  by  their 
size  since  it  is  vertical.  If  we  use  a  worst  case  temperature  difference  of 
50°C  between  component  and  the  inner  air  ambient,  the  h  value  is  approximately 
.0042 

.  2°C 
in 

The  thermal  resistance  between  Nodes  47,  48  and  Nodes  113  is: 

A  =  0.5"  x  1.2"  =  .6in2 


R  = 


396. 8°C 


1 

.0042 (.6) 


watt 


The  thermal  resistance  between  Nodes  41-46,  49-51  and  Node  113  is: 

A  =  .75"  x  .25"  =  . 19in2 

R  =  1  =  1253.13fc _ 

.0042 (.19)  watt 

4.  Transmitter /Receiver  (T/R)  Board 

The  T/R  board  is  shown  in  Fig  13  with  node  numbers  assigned  to  the 
different  ICs.  The  Manchester  chip  (Node  31)  and  the  clock  chip  (Node  38)  are 
taller  than  the  other  ICs  on  the  board  and  are  in  direct  contact  with  the 
aluminum  plate  (Node  223)  that  holds  the  center  and  right  bulkheads  in  place, 
as  shown  in  Fig  14. 

The  thermal  resistance  between  Node  31  and  Node  223  is: 

R  =  - 

KA 

x  =  .02in 

K  =  .00075 watts 
in°C 

A  =  0.5  x  1.22  =  .61in2 

R  =  .02  =  43.72°C 

(.00075) (.61)  watt 

The  thermal  resistance  between  Node  38  and  Node  223  is: 

R  =  U 


x  =  .02in 
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K  =  .00075  watts 

in°C 

A  =  .75  x  .5  =  .38in2 

R  =  .02  =  70.18°C 

( . 00075 ) ( . 38)  watt 

The  remaining  IC's  on  the  T/R  board  dissipate  their  heat  into  a  copper  heat 
sink  (Node  323)  as  shown  in  Fig  14.  The  thermal  resistance  between  the 
remaining  ICs  (Nodes  21-30  and  Nodes  32-37)  and  the  heat  sink  is: 

R  =  x 

RA 

x  =  .02in 

K  =  .00075  watts 
in°C 

A  =  .25  x  .75  =  .19in2 

R  =  .02  =  140.35^C _ 

(.00075) (.19)  watt 


From  the  copper  heat  sink  (Node  323),  the  heat  is  conducted  through  two  alumi¬ 
num  stand-offs  (Nodes  423  and  424)  to  Node  123  as  shown  in  Fig  14.  The  thermal 
contact  resistance  between  Nodes  323  and  423  or  424  is: 


A  =  ir  (l)2  =  .05in2 

5 

R  =  .3  =  6.11°C 

705”  watt 

The  thermal  resistance  between  Nodes  423,  424  and  the  upper  support  plate  (Node 
123)  (See  Fig  8)  is  the  same  as  calculated  above  due  to  symmetry. 

5.  Power  Supply 

The  large  power  supply  (Node  7)  is  in  contact  with  each  of  the  two 
side  plates  as  shown  in  Fig  6.  The  thermal  resistance  between  either  one  of 
these  plates  (Nodes  108  or  208)  and  the  large  power  supply  (Node  7)  is: 

R  =  x 

U 

x  =  .02in 

K  =  .004 watts 

i  n°C 

(Ref  1)  (This  is  for  a  plastic  coating 
on  the  supply  case) 

A  =  .65  x  4.56  =  2 . 96 i n2 

R  =  .02  =  1.69^C _ 

( .004) (2.96)  watt 

The  bottom  of  the  large  power  supply  is  in  direct  contact  with  the  outside  case 
(Node  131)  as  shown  in  Fig  7.  The  thermal  resistance  between  Nodes  7  and  131 
is: 


R 


x 

U 


x  =  .01 
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K  3  .004 


A  =  4.56  x  2.5  *  11.4in2 


R  3  _ .01  3  .22°C 


( .004) (11.4)  watt 

The  small  power  supply  is  located  next  to  the  large  power  supply  (Fig  6)  and 
dissipates  its  heat  into  the  outside  case  (Node  134)  and  also  into  the  two  side 
plates  (Nodes  109  and  209).  The  thermal  resistance  between  Nodes  6  and  Nodes 
109/209  is: 

R  3  x 

n 


x  =  .02in 


K  3  .004watts 


in°C 


A  3  (.1)(2)  *  .2in2 


R  *  .02 


( . 004 ) ( .2) 


The  thermal  resistance  between  Nodes  6  and  134  is: 


R  *  x 
U 


x  3  .01  in 


K  3  .004watts 


in°C 


25.0  °C 
watt 
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=  2x2  =  4iir 


( . 004 ) ( 4 ) 


.63°C 

watt 


The  small  IC  power  supply  (Node  135)  is  attached  to  a  heat  sink  that  transfers 
the  heat  to  the  case  (Fig  15). 

The  thermal  resistance  between  Nodes  135  and  235  is: 


x  =  .02  in 


A  =  1.25  x  0.5  =  .625in2 


K  =  .004watts 


( . 004 ) ( . 625 ) 


=  8.0°C 


The  thermal  resistance  between  Nodes  235  and  335  (Fig  15)  is: 


x  =  1  \ 


A  =  —  x  1.25  =  .04  in2 


K  =  3.5 


watts 
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FIGURE  15 

POWER  SUPPLY  LOCATIONS 


( 3 . 5 )  ( .  04 ) 


watt 


The  thermal  contact  resistance  between  Nodes  335  and  134  (Fig  15)  is: 


-  “  *Av>  - 

hc  watt 

R  =  .15  =  0.5  °C 

0.3  ~  watt 


6.  Connector  Board 

There  are  three  ICs  mounted  on  the  right  side  of  the  connector  board 
as  shown  in  Fig  15.  The  three  ICs  have  Node  numbers  150,  151,  and  152  and  are 
shown  in  Fig  16.  Because  of  manufacturing  difficulties,  no  heat  sink  could  be 
manufactured  for  those  IC's  and  they  will  conduct  their  heat  through  the  air. 
The  thermal  resistance  between  Nodes  150,  151,  152  and  the  right  bulkhead  (Node 
110)  is: 


x  =  0.5  in 

K  =  .00075 

in°C 

A  =  1.2  x  .55  =  .66  in2 

R  =  0.5  =  1010. 1°C 

(.00075) (.66)  watt 


There  is  a  small  power  supply  (Node  136)  mounted  on  the  right  bulkhead  (Node 
110)  as  shown  in  Fig  15.  The  thermal  contact  resistance  between  Nodes  136  and 
110  is: 


1  =  0.3  in2C 

Tic  watt 

A  =  *  (.5)2  =  .8in2 


R  =  0.3 


0.8 


=  .38°C 
watt 


7.  PCM  Heat  Sink  To  Chassis 

The  heat  flows  from  the  PCM  board  heat  sinks  into  the  framing  studs 
which  have  Node  numbers  128  and  130  as  shown  in  Fig  4.  Two  types  of  thermal 
resistances  exist  between  Nodes  121  (heat  sink)  and  128  (stud). 

There  is  a  conductive  resistance  between  Node  121  and  the  base  of  the  heat 
sink,  and  a  contact  resistance  between  the  base  of  the  heat  sink  and  the  stud. 
A  side  view  of  the  heat  sink  is  shown  in  Fig  5.  The  cross-hatched  portion  is 
the  contact  area  between  the  heat  sink  and  the  stud.  Since  the  two  resistances 
are  in  series  they  may  be  added  together  to  give  the  total  resistance  between 
Nodes  121  and  128  (Fig  4). 


For  the  conductive  resistance: 

Between  Nodes  128  -  121 
130  -  127 

x  =  1  in 


K  =  3.&J^S 
in°C 


R  = 


x 

KA 


33 


x  2.75  = 


.086 in2 


(This  is  for  the  smallest 
possible  conducting  area, 
which  occurs  at  the  bottom 
of  the  heat  sink) 


=  3.32°C 


( 3 . 5 ) ( . 086 ) 


For  the  contact  resistance:  R  =  1 


1  =  0.3 


in2  or 
in  L 


(Ref  Id) 


A  =  2.75  x  H,  =  .698 in* 


R  =  0.3 


=  .44°C 


Rtot  =  R1  +  R2 

Rtnt  =  3.32  +  .44  =  3.76°C 

tot  — r-r 

watt 

Because  of  symmetry,  the  resistance  between  Nodes  127  and  130  (Fig  4)  is 
the  same  as  calculated  above. 

8.  PCM  Heat  Sink 

Three  nodes  are  placed  on  the  PCM  heat  sink  as  shown  in  Fig  4.  The 
heat  sink  is  constructed  of  copper.  Between  each  node  there  is  a  conductive 
heat  flow. 

Between  Nodes  121  -  125  -  127 


R  =  x 
KIT 
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X 


2.0  in 


K 


3. 5 watts 
in°C 


A  = 


R  = 


1  X 
IT  X 


4.625" 


,145in2 


_ 2 _  =  3.95°C 

3.5( .145)  watt 


Ref  1 


9.  Inner  Chassis 

The  inner  chassis  structure  becomes  quite  complicated  but  by  follow¬ 
ing  Figure  2,  we  can  keep  the  assumed  heat  flow  paths  straight.  To  make  life 
easy,  we  will  work  from  the  top  -  down. 

Between  Nodes  117  and  120,  126,  128,  130 
107  and  120,  126,  128,  130 

Since  each  of  the  connections  concerns  identical  shapes,  distances  and  types  of 
connections,  a  coitmon  thermal  resistance  value  is  defined  for  each.  The 
thermal  path  consists  of  both  a  contact  resistance  and  a  conductive  one  in 
series.  In  that  case,  the  two  resistances  are  just  additive  and 


Rtotal  “  Rcontact 


+  R 


conductive 


Contact  Resistance: 


contact 


hcA 


0.2  in2oC 
watt 


(Ref  1)  this  value  is  for 

an  aluminum  connection 
and  assumed  contact 
pressure  of  lOOps i 
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A  =  cross  section  area  of  framing  stud  =  .25"  x  .25"  =  .0625in 


=  3.2°C 


watt 


Conduction  Resistance:  R  =  x 


x  =  distance  from  bulkhead  to  mid  frame  stud  =  3.7in 


K  =  4.4  watts 


(Ref  la) 


A  =  frame  stud  cross  section  area  =  .25"  x  .25"  =  .0625in* 


R  =  3.7  =  13.45°C _ 

a  a /  watt 


4.4( .0625) 

The  total  thermal  resistance  is  therefore 

R,„.  -  3.2  *  13.45  =  16.65°C 
tot  waif 

Between  Nodes  107  and  208,  209 
110  and  109,  108 

The  thermal  resistance  of  the  paths  between  these  nodes  are  the  same  because  of 
identical  shapes,  materials  and  connections.  This  is  a  contact  resistance 
between  the  aluminum  struts  and  the  aluminum  bulkhead.  Machine  screws  are  used 
as  fasteners. 


1  =  0.3  in2oC 


A  =  0.5"  x  1"  =  ,5in 


this  is  figured  as  an  average 
figure  because  of  the  large 
contact  area 


K 


Between  Nodes  107  and  122 
110  and  124 

These  are  contact  resistances  between  aluminum  materials  fastened  by  machine 

screws.  Here  the  contact  area  is  large  so  again  the  contact  resistances 

are  low.  . 

1  =  0.3  in 
Wc  watt 

A  =  0.5"(2.75")  =  1.38in2 

R  =  .3  =  ,22°C 

1.38  watt 

Now  each  end  of  each  of  the  longitudinal  stringers  or  plates  is,  of  course, 
connected  to  its  other  end.  This  thermal  resistance  is  a  conductive  one  and  if 
dependent  on  the  material,  shape  and  distance  between  nodes. 

Between  Nodes  208  and  209 
108  and  109 

x  =  stringer  length  =  8.562in 

K  =  thermal  conductivity  for  aluminum  6061  =  4.4watts 

in°C 


A  =  1"  x  .0625"  =  .0625in2 

R  =  8.562  =  31.2°C 

4.4(  .0625) 

The  thermal  resistances  between  the  nodes  on  the  aluminum  support  plate  between 
bulkheads  (Fig  8)  are: 
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Between  Nodes  123  and  223 


The  thermal  resistance  between  Node  110  (right  bulkhead)  and  Node  112  (square 
ring)  is: 

R  =  1 


1  =  0.3infX_ 
.  watt 


A  =  2in2 


R  =  0.3  =  .  15_C _ 

~7  watt 


10.  Case  Exterior 

The  heat  flows  from  the  left  bulkhead  to  the  outside  case  and  is  then 
dissipated  into  the  surrounding  air.  The  thermal  resistance  between  the  left 
bulkhead  (Node  117)  and  the  outside  case  (Nodes  116/133)  is  calculated  as 
fol lows: 

There  is  a  contact  resistance  between  the  bulkhead  and  the  case  and  a  conduc¬ 
tive  resistance  between  the  end  of  the  case  and  Node  116. 

For  the  contact  resistance:  R  *  1 


1  =  .3in2  °C 


The  total  contact  area  between  the  left  bulkhead  and  the  case  is: 

A  =  (length  of  one  side)  (4  sides) (contact  width) 

A  =  (3.0) (4) ( .35)  =  4. 2 in2 

The  contact  area  for  the  top  half  of  the  case  (Node  116)  is: 

A  =  4.2/2  =  2.1 in2 

R/rnntjrtl  =  0.3  =  . 14°C 
(contact)  j-j 
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The  conductive  resistance  between  the  end  of  the  case  and  Node  116  is: 

R  =  x 
KA 


x  =  3.6in 


K  =  4.4  watts 

in°C 


A  =  3.0  ( 2 ) ( 1/16 )  =  .375 


conduct 


3.6 


2.18°C 


4 . 4 ( .375) 


The  total  thermal  resistance  between  the  left  bulkhead  (Node  117)  and  the  first 

Node  on  the  top  of  the  case  (Node  116)  is  the  sum  of  the  contact  resistance  and 

the  conductive  resistance 

R  =  .14  +  2.18  =  2.32  °C 

watt 

Because  of  symmetry,  the  thermal  resistance  between  Node  117  and  Node  133  (Fig 
7)  is  the  same  as  calculated  above. 


Figure  2  shows  the  connections  between  the  following  case  nodes: 
116  and  115 
115  and  114 
114  and  113 
133  and  132 
132  and  131 
131  and  134 

The  thermal  resistance  between  each  pair  of  nodes  is: 

R  =  x _ 

KA 
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K  =  4.4  watts 

in°C 

A  =  .375in2 

R  =  3.6  =  2.18  0  C 

4.4( .375)  watt 

Figure  2  shows  the  connections  between  the  following  pairs  of  nodes: 

116  and  133 
115  and  132 
114  and  131 
113  and  134 

The  thermal  resistance  between  them  is: 

R  =  x__ 

KA 

x  =  6in  (this  is  the  perimeter  from  the  top  to 

the  bottom  of  the  case) 

K  =  4.4  watts 

in°C 


A  =  1/16(3.6)  =  .23 


The  heat  is  transferred  by  convection  from  the  case  nodes  (113-116, 
131-134)  to  the  ambient  air  (Node  1).  First  the  natural  convection  coefficient 
(hc)  is  calculated  using  Equation  2  and  then  Equation  3  is  used  to  calculate 
the  thermal  resistance  between  the  case  and  the  air 

hc  =  1.062  x  lO"3^0,25 

T  =  10°C 


VI  COMPUTER  INPUT  AND  RESULTS 

The  following  pages  contain  the  input  data  for  the  computer  analysis  and 
the  results  of  the  analysis.  Table  1  shows  the  heat  output  of  each  node.  Table 
2  shows  the  thermal  resistances  between  nodes  and  the  assigned  connector 
numbers  for  these  resistances.  Table  3  is  the  actual  computer  input,  and  Table 
4  contains  the  results  where  temperature  is  given  in  °F  for  each  node. 
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TABLE  1 


SOURCE  DATA  SUMMARY 


IC  HEAT  OUTPUT 


NODE 

IC 

WATTS 

BTU/HR 

mm 

60 

S3505 

.5 

1.707 

61 

S3505 

.5 

1.707 

63 

S3505 

.5 

1.707 

64 

54LS500 

.044 

.150216 

65 

54LS08 

.044 

.150216 

66 

54LS00 

.033 

.112662 

67 

54LS04 

.044 

.150216 

70 

S3505 

.5 

1.707 

71 

S3505 

.5 

1.707 

72 

S3505 

.5 

1.707 

73 

S3505 

.5 

1.707 

74 

54LS500 

.044 

.150216 

75 

54LS08 

.044 

.150216 

76 

54LS00 

.033 

.112662 

77 

54LS04 

.044 

.150216 

80 

S3505 

.5 

1.707 

81 

S3505 

.5 

1.707 

82 

S3505 

.5 

1.707 

83 

S3505 

.5 

1.707 

84 

54LS500 

.044 

.150216 

85 

54LS08 

.044 

.150216 

86 

54LS00 

.033 

.112662 

87 

54LS04 

.044 

.Hj216 
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T» 

NODE 

IC 

TABLE  1  (Con't) 

IC  HEAT  OUTPUT 

WATTS 

BTU/HR 

|  PUSH  TO  TALK 

290 

54LS86 

.055 

.18777 

291 

54LS86 

.055 

.18777 

i 

292 

54LS04 

.037 

.126318 

DIGITAL 

91 

S3505 

.5 

1.707 

1 

92 

54LS04 

.033 

.112662 

93 

54LS08 

.033 

.10242 

94 

54LS00 

.044 

.150216 

95 

54LS75 

.04 

.13656 

96 

54LS165 

.18 

.61452 

97 

54LS165 

.18 

.61452 

98 

54LS273 

.14 

.47796 

99 

54LS273 

.14 

.47796 

100 

54LS164 

.135 

.46089 

101 

54LS00 

.180 

.61452 

- 

102 

54LS04 

.033 

.112662 

a 

T/S 

41 

54LS271 

.033 

.112662 

42 

54LS04 

.033 

.112662 

43 

54LS393 

.150 

.5121 

'  • 

44 

54LS393 

.15 

.5121 

45 

54LS273 

.14 

.47796 

46 

27L08 

.14 

.47796 

47 

54LS273 

.416 

1.420224 

• 

48 

27L08 

.416 

1.420224 

49 

54LS138 

.05 

.1707 

50 

54LS393 

.15 

.5121 

51 

54LS138 

.05 

.1707 
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TABLE  1  (Con't) 


NODE  IC 


WATTS 


IC  HEAT  OUTPUT 


BTU/HR 


22 

54LS04 

.033 

.112662 

23 

54LS164 

.135 

.46089 

24 

54LS165 

.180 

.61452 

25 

54LS164 

.135 

.46089 

26 

54LS165 

.180 

.61452 

27 

54LS08 

.044 

.150216 

28 

54LS74 

.04 

.13656 

29 

54LS74 

.04 

.13656 

30 

54LS00 

.044 

.150216 

31 

HD15530 

.05 

.1707 

32 

54LS74 

.04 

.13656 

33 

54LS08 

.044 

.150216 

34 

54LS164 

.135 

.46089 

35 

54LS165 

.180 

.61452 

36 

54LS164 

.135 

.46089 

37 

54LS165 

.180 

.61452 

38 

clock  chip 

.1 

.3414 

POWER 

SUPPLY 

7 

LG  PS 

8.0 

27.312 

8 

SM  PS 

2.0 

6.828 

135 

1.9 

6.4866 

CONN 

BOARD 

TABLE  2 


THERMAL  RESISTANCES  SUMMARY 


CONN  NO.  IC  HEA~  SINK  THERMAL  RESISTANCE 


NODE  NODE 


JC/WATT 


THERMAL  CONDUCTANCE 
WATTS/°C  BTU/HR°F 


PCM 

1 

60 

121  4 

8.49 

2.06 

X 

10  *- 

391 

X 

10 

2 

61 

121  4 

8.49 

2.06 

X 

10"2 

3.91 

X 

10 

3 

62 

121  4 

8.49 

2.06 

X 

10"2 

3.91 

X 

10 

4 

63 

121  4 

9.49 

2.06 

X 

20  *2 

3.91 

X 

10 

5 

64 

121  1 

108.2 

9.02 

X 

10-4 

10'4 

1.71 

X 

10 

6 

65 

1 

21 

1 

108.2 

9.02 

X 

1.71 

X 

10 

7 

66 

1 

21 

1 

108.2 

9.02 

X 

10"4 

1.71 

X 

10 

8 

67 

1 

21 

1 

108.2 

9.02 

X 

10"4 

1.71 

X 

10 

9 

70 

1 

25 

4 

8.49 

2.06 

X 

10~2 

3.91 

X 

10 

10 

71 

1 

25 

4 

8.49 

2.06 

X 

10'2 

3.91 

X 

10 

11 

72 

1 

25 

4 

8.49 

2.06 

X 

10"2 

3.91 

X 

10 

12 

73 

1 

25 

4 

8.49 

2.06 

X 

10"2 

3.91 

X 

10 

13 

74 

1 

25 

1 

108.2 

9.02 

X 

10*4 

1.71 

X 

10 

14 

75 

1 

25 

1 

108.2 

9.02 

X 

10"4 

1.71 

X 

10 

15 

76 

1 

25 

1 

108.2 

9.02 

X 

10"4 

1.71 

X 

10 

16 

77 

1 

25 

1 

108.2 

9.02 

X 

10"4 

1.71 

X 

10 

17 

80 

1 

27 

1 

108.2 

9.02 

X 

10‘4 

1.71 

X 

10 

18 

81 

1 

27 

1 

108.2 

9.02 

X 

10'4 

1.71 

X 

10 

19 

82 

1 

27 

1 

108.2 

9.02 

X 

10"4 

1.71 

X 

10 

20 

83 

1 

27 

1 

108.2 

9.02 

X 

10"4 

1.71 

X 

10 

21 

84 

1 

27 

1 

108.2 

9.02 

X 

10"4 

1.71 

X 

10 

22 

85 

1 

27 

1 

108.2 

9.02 

X 

10"4 

1.71 

X 

10 

23 

86 

1 

27 

1 

108.2 

9.02 

X 

10"4 

1.71 

X 

10 

24 

87 

127  1 

108.2 

9.02 

X 

10"4 

1.71 

X 

10 
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CONN  NO.  IC  HEAT  SINK  THERMAL  RESISTANCE 


NODE  NODE 


C/WATT 


THERMAL  CONDUCTANCE 
WATTS/°C  BTU/HR°F 


PCM  PUSH  TO 

25  290 

TALK 

125 

1852. 

5.4  x 

10'4 

1.02 

X 

10 

26 

291 

125 

1852. 

5.4  x 

10‘4 

1.02 

X 

10 

27 

292 

125 

1852. 

5.4  x 

10"4 

1.02 

X 

10 

PCM 

28 

DIGITAL 

91 

121 

740.7 

1.35 

x  10"3 

2.56 

X 

10 

29 

92 

121 

740.7 

1.35 

x  10‘3 

2.56 

X 

10 

30 

93 

121 

740.7 

1.35 

x  lO-3 

2.56 

X 

10 

31 

94 

121 

740.7 

1.35 

x  10-3 

2.56 

X 

10 

32 

95 

121 

740.7 

1.35 

x  10‘3 

2.56 

X 

10 

33 

96 

121 

740.7 

1.35 

x  10-3 

2.56 

X 

10 

34 

97 

121 

740.7 

1.35 

x  10"3 

2.56 

X 

10 

35 

98 

121 

740.7 

1.35 

x  10-3 

2.56 

X 

10 

36 

99 

121 

740.7 

1.35 

x  10']. 

2.56 

X 

10 

37 

100 

121 

740.7 

1.35 

x  10‘J 

2.56 

X 

10 

38 

101 

121 

740.7 

1.35 

x  10"3 

2.56 

X 

10 

39 

102 

121 

740.7 

1.35 

x  10~3 

2.56 

X 

10 

40 

91 

127 

11,111 

9.  x 

10-5 

1.71 

X 

10 

41 

92 

127 

11,111 

9.  x 

10"5 

1.71 

X 

10 

42 

93 

127 

11,111 

9.  x 

10'5 

1.71 

X 

10 

43 

94 

127 

11,111 

9.  x 

10'5 

1.71 

X 

10 

44 

95 

127 

11,111 

9.  x 

10"5 

1.71 

X 

10 

45 

96 

127 

11,111 

9.  x 

10-5 

1.71 

X 

10 

46 

97 

127 

11,111 

9.  x 

10“5 

1.71 

X 

10 

47 

98 

127 

11,111 

9.  x 

10"5 

1.71 

X 

10 

48 

99 

127 

11,111 

9.  x 

10'5 

1.71 

X 

10 

49 

100 

127 

11,111 

9.  x 

10"5 

1.71 

X 

10 

50 

101 

127 

11,111 

9.  x 

10'5 

1.71 

X 

10 

51 

102 

127 

11,111 

9.  x 

10“5 

1.71 

X 

10 

TABLE  2  (Con't) 


CONN  NO.  IC  HEAT  SINK  THERMAL  RESISTANCE  THERMAL  CONDUCTANCE 
NODE  NODE  °C/WATT  WATTS/°C  BTU/HR°F 


T/S 


52 

41 

113 

1253.13 

7.98 

X 

)— » 
o 

1 

-  -p* 

1.51 

x  10“3 

53 

42 

113 

1253.13 

7.98 

X 

10'4 

1.51 

x  10~3 

54 

43 

113 

1253.13 

7.98 

X 

10"4 

1.51 

x  10'3 

55 

44 

113 

1253.13 

7.98 

X 

10'4 

1.51 

x  10“3 

56 

45 

113 

1253.13 

7.98 

X 

10"4 

1.51 

x  10'3 

57 

46 

113 

1253.13 

7.98 

X 

10"4 

1.51 

x  10“3 

58 

47 

113 

396.8 

2.52 

X 

10-3 

4.78 

x  10"3 

59 

48 

113 

396.8 

2.52 

X 

10"3 

4.78 

x  10"3 

60 

49 

113 

1253.13 

7.98 

X 

10‘4 

1.51 

x  10"3 

61 

50 

113 

1253.13 

7.98 

X 

10"4 

1.51 

x  ID'3 

62 

51 

113 

1253.13 

7.98 

X 

10-4 

1.51 

x  10'3 

T/R 

63 

21 

323 

140.35 

7.13 

X 

10'3 

1.35 

x  10‘2 

64 

22 

323 

140.35 

7.13 

X 

10'3 

1.35 

x  10"2 

65 

23 

323 

140.35 

7.13 

X 

10"3 

1.35 

x  10“2 

66 

24 

323 

140.35 

7.13 

X 

10"3 

1.35 

x  10-2 

67 

25 

323 

140.35 

7.13 

X 

10"3 

1.35 

x  10"2 

68 

26 

323 

140.35 

7.13 

X 

10'3 

1.35 

x  10“2 

69 

27 

323 

140.35 

7.13 

X 

10"3 

1.35 

x  10‘2 

70 

28 

323 

140.35 

7.13 

X 

10'3 

1.35 

x  10'2 

71 

29 

323 

140.35 

7.13 

X 

10’3 

1.35 

x  10"2 

72 

30 

323 

140.35 

7.13 

X 

10'3 

1.35 

x  10"2 

73 

31 

223 

43.72 

2.29 

X 

10‘2 

4.34 

x  10'2 

74 

32 

323 

140.35 

7.13 

X 

10“3 

1.35 

x  10'2 

75 

33 

323 

140.35 

7.13 

X 

10“3 

1.35 

x  10'2 

76 

34 

343 

140.35 

7.13 

X 

10"3 

1.35 

x  10'2 

77 

35 

323 

140.35 

7.13 

X 

10‘3 

1.35 

x  10'2 

78 

36 

323 

140.35 

7.13 

X 

10"3 

1.35 

x  10"2 

79 

37 

323 

140.35 

7.13 

X 

10'3 

1.35 

x  10"2 

80 

38 

223 

70.18 

1.43 

X 

10"2 

2.7  > 

(  10'2 

49 


TABLE  2  (Con't) 


CONN  NO.  IC  HEAT  SINK  THERMAL  RESISTANCE  THERMAL  CONDUCTANCE 
NODE  NODE  °C/WATT  WATTS’/°C  BTU/HR°F 


81 

323 

423 

6.11 

1.64  x  10"1 

3.1  x  10"1 

82 

323 

424 

6.11 

1.64  x  10"1 

3.1  x  10_1 

83 

423 

123 

6.11 

1.64  x  10"1 

3.1  x  10'1 

84 

424 

123 

6.11 

1.64  x  10"1 

3.1  x  10_1 

POWER  SUPPLY 

85 

7 

108 

1.69 

5.92  x  10'1 

1.12 

86 

7 

208 

1.69 

5.92  x  10"1 

1.12 

87 

7 

131 

.22 

4.55 

8.62 

88 

6 

109 

25. 

.04 

7.58  x  10~2 

89 

6 

209 

25. 

.04 

7.58  x  10~2 

90 

6 

134 

.63 

1.59 

3.01 

91 

135 

235 

8.0 

.125 

2.37  x  10"1 

92 

235 

335 

8.9 

1.12  x  10'1 

2.13  x  10'1 

93 

335 

134 

.5 

2. 

3.79 

CONNECTOR  BOARD 

94 

150 

110 

1010.1 

9.9  x  10"4 

1.88  x  10-3 

95 

151 

110 

1010.1 

9.9  x  10"4 

1.88  x  10"3 

96 

152 

110 

1010.1 

9.9  x  10"4 

1.88  x  10-3 

97 

136 

110 

.38 

2.63 

4.98 

PCM  HEAT 

SINK 

98 

121 

125 

3.95 

2.53  x  10"1 

.48 

99 

125 

127 

3.95 

2.53  x  10"1 

.48 

PCM  HEAT  SINK 

TO  CHASSIS 

100 

121 

128 

3.76 

2.66  x  10'1 

.50 

101 

127 

130 

3.76 

2.66  x  10'1 

.50 
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TABLE  2  (Con't) 


CONN 

NO.  IC 

NODE 

HEAT  SINK 

NODE 

THERMAL  RESISTANCE 
°C/WATT 

THERMAL  CONDUCTANCE 
WATTS/°C  BTU/HR°F 

INNER 

102 

:  CHASSIS 

117 

120 

16.65 

6.0  x  10"2 

1.14 

x  10"1 

103 

117 

126 

16.65 

6.0  x  10'2 

1.14 

x  10“1 

104 

117 

128 

16.65 

6.0  x  10‘2 

1.14 

x  10_1 

105 

117 

130 

16.65 

6.0  x  10"2 

1.14 

x  10"1 

106 

117 

120 

16.65 

6.0  x  10‘2 

1.14 

x  10"1 

107 

117 

126 

16.65 

6.0  x  10~2 

1.14 

x  10"1 

108 

117 

128 

16.65 

6.0  x  10‘2 

1.14 

x  10"1 

109 

107 

130 

16.65 

6.0  x  10'2 

1.14 

x  10'1 

110 

107 

208 

.6 

1.67 

3.16 

111 

107 

209 

.6 

1.67 

3.16 

112 

110 

109 

.6 

1.67 

3.16 

113 

110 

108 

.6 

1.67 

3.16 

114 

107 

122 

.22 

4.55 

8.62 

115 

no 

124 

.22 

4.55 

8.62 

116 

208 

209 

31.2 

3.21  x  10'2 

6.08 

x  10‘2 

117 

108 

109 

31.2 

3.21  x  10-2 

6.08 

x  10'2 

118 

123 

223 

2.48 

.40 

.77 

119 

122 

123 

2.48 

.40 

.77 

120 

223 

124 

1.69 

5.92  x  10'1 

1.12 

121 

no 

112 

.15 

6.67 

12.64 

CASE 

122 

EXTERIOR 

117 

116 

2.31 

.433 

.82 

123 

117 

133 

2.31 

.433 

.82 
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J 

CONN  NO.  I C  HEATSINK  THERMAL  RESISTANCE  THERMAL  CONDUCTANCE 

NODE  NODE  °C/WATT  WATTS/°C  BTU/HR°F 


TABLE  3 

COMPUTER  INPUT 


RAS, T 100,  1070, CM230G00.  D8006S5,  RADC,  53021 

ATTACH,  SINDA,  SINDABNRY,  ID=D8C'0016,  SN=AFFDL,  MR 
ATTACH,  LIB, SINDLIB,  ID=D800016,  SN=AFFDL,  MR*1 
LIBRARY, LIB. 

SINDA. 

RETURN,  SINDA. 

REWIND,  TAPEi2,  TAPE13,  TAPE4 
FTN, I=TAPE13, B=SNDALGO, R. 

SNDALGO. 

RETURN,  SNDALGO,  LIB, TAPE4,  TAPE 13,  TAPE 12 
*EOR 


BCD  3THERMAL  SPCS 
BCD  3AS0C  REMOTING 
END 

BCD  3N0DE  DATA 

60,  125.  0,  —  1 .  U 

61.  125.  0,  -1  0 

62.  125.  0,  -1.  0 

63.  125.  0,  ~  1 .  0 

64,  125.  0,  -1  0 

65.  125.  0,  -i  0 

66,  i25.  0,  -1.  0 

67,  125.  0,  -1  0 
121,  125.  0,  -1  0 

70,  125.  0,  -1.  0 

71,  125.  0,  -1  0 

72,  125.  0.  -1.  0 

73,  125  0,  -1.  0 

74,  125.  0,  -1  0 

75,  125.  0.  -1  0 

76,  125.  0,  -1.  0 

77,  125.  0,  -1.  0 
125,  125.  0,  -1.  0 

80.  125  0,  -1.  0 

81.  125.  0,  -1.  0 

82.  125  0,  -1.  0 

83,  125.  0,  -1.  0 

84,  125.  0,  -1  0 

85,  125.  0,  -1.  0 

86,  125.  0,-1.  U 

87.  125.  0,  -1.  0 
127,  125.  0.  -1.  0 

290,  125.  0.  -1.  0 

291,  125.  0.  -1  0 

292,  125.  0.  -1.  0 
91,  125  0,  -1.  0 
92-  125  0.  -1.  0 

93,  125.  0,  -1.  0 

94.  125  0,  -1.  0 

95,  125.  0,  -1.  0 

96.  125.  0,  -1.  0 
97, 125  0, -1  0 

98,  125.  0.  -1.  0 

99,  125.  0,  -1  0 

100,  125.  0,  -1  0 

101,  125.  0,  -1.  0 

102,  125.  0,  -1  0 
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41,  125.  0,  -1.  0 

42,  125.  0,  -1.  0 

43,  125.  0,  -1.  0 

44,  125.  0,  -1  0 

45,  125.  0,  -1.  0 

46,  125.  0,  -1.  0 

47,  125  0,  -1.  0 

48,  125.  0,  -1.  0 

49,  125.  0,  -1.  0 

50,  125.  0.  -1. 0 

51,  125.  0,  -1.  0 

21,  125.  0,  -1.  0 

22,  125.  0,  -1.  0 

23,  125.  0,  -1.  0 

24,  125.  0,  -1.  0 

25,  125.  0,  -1.  0 

26,  125.  0,  -1.  0 

27,  125.  0,  -1.  0 

28,  125.  0,  -1.  0 

29,  125  0,  -1.  0 

30,  125.  0,  -1.  0 

31,  125.  0,-1.  0 

32,  125.  0,  -1.  0 

33,  125.  0,  -1. 0 

34,  125.  0,  -1.  0 

35,  125.  0,  -1.  0 

36,  125.  0,  -1.  0 

37,  125.  0.  -1.  0 

38,  125.  0,  -1.  0 
323.  125.  0,-1  0 

423,  1*5.  0.  -1.  0 

424,  125.  0,  -1.  0 
7,  125.  0,  -1.  0 

6,  125.  0,  -1.  0 
135,  125.  0,  -1  0 
235,  125.  0,  -1  0 
335,  1*5.  0,  -1.  0 

150,  1*5.  0,-1.  0 

151,  125.  0,  -1.  0 

152,  125.  0,  -1.  0 
1 J6,  1*5.  Of  —1.  0 
117,  125.  0,  -1.  0 
120,  125.  0,  -1.  0 
126,  125.  0,  -1.  0 
128,  1*5.  0,  -1  0 
130,  125.  0,  -1.  0 

107,  125.  0,  -1  0 

208,  125.  0,  -1.  0 

108,  125.  0,  -1.  0 

122,  1*5.  0,  -1.  0 

123,  125.  0,  -1. 0 
223,  1*5.  0,  -1.  0 

209,  125.  0,  -1  0 

109,  125.  0,  -1  0 

124,  125.  0,  -1  0 

110,  1*5.  0,  -1  0 
112,  125  0,  -1  0 
133,  125.  0,  -1  0 
116,  1*5.  0,  -1  0 
i32.  125  0,-1  0 
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115/  125.  0,  -1.  0 
121,  1*5.  0,  -1. 0 
114,  1*5.  0,  -1  0 
134,  125.  0,  -1  0 
113, 1*5  0, -1  0 
-i,  125.  0,  1.0 

END 

BCD  3S0URCE  DATA 
60.  1. 707 
4.1,  1  707 
62.  1.  707 
4.3 ,  1 .  /  \)1 
64,  .  150214. 

4.5,  .  150216 

66. . 112662 

67. .  150216 

70,  1.  707 

71,  1.  7u7 

72. 1.  707 

73,  1.  707 

74,  .  150216 

75,  .  150216 

76. .  112662 
77,  .  150216 
80,  1.  707 

81. 1  707 

82.  1.  /07 

83.  1.  707 

84.  150216 

85.  .  150216 

86.  .  1 1 *66* 

87. .  150216 

290,  .  18777 

291,  .  18777 

292,  126318 

91. 1  707 

92,  .  112662 

93,  .  10242 

94,  .  150216 

95,  .  i3656 

96,  .  61452 

97. .  61452 

98,  .  47796 

99,  .  47796 

100,  46089 

101,  61452 

102,  .  112662 

41. .  112662 

42. .  112662 
43-  5121 

44,  5121 

45,  .  47796 

46,  47796 

47,  1  420224 

48,  1.  420224 

49. .  1707 

50. .  5121 

51.  1707 

21.  32433 

22,  112662 
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23,  .  46069 

24. .  61452 

25,  .  46069 

26,  .  61452 

27,  .  15023  6 

28. .  13656 

29,  .  13656 

30,  .  150216 

31,  .  1707 

32,  .  13656 

33,  .  150216 

34,  .  46089 

35,  .  61452 

36,  .  46089 

37,  .  61452 

38,  .  3414 

7,  27.  312 
6,  6.  829 

135.  6.  4866 

150,  3.  414 

151,  3.  414 

152. .  112662 

136,  20.  484 

END 

BCD  3CQNDUCT0R  DaTA 
i,  60,  121.  .  0391 

2. 61. 121,  0391 

3. 62. 121. .  0391 

4,  63.  121.  .  039  i 

5,  64,  121.  .  00171 

6,  65,  121.  .  00171 

7. 66. 121.  .  00171 

8,  67,  121,  .  00171 

9,  70,  125,  .  0391 

10,  71,  125,  .  0391 

11,  72,  125,  .  0391 

12,  73,  125,  .  039i 

13,  74,  125,  .  00171 

1 4 ,  75,  1  5,  .  001/1 

15,  76,  125,  .  00171 

16,  77,  125.  .  0017i 

17,  80,  127,  .  0391 

18,  81,  127,  .  0391 

19,  82,  127,  .  039i 

20,  83.  127,  .  0391 
21, 84,  127,  .  00171 

22,  85,  127,  .  00 1 7 i 

23,  86,  127,  .  00171 

24,  87,  127,  .  00171 

25,  290,  125,  .  0010; 

26,  291,  125,  0010; 

27,  292,  125,  .  0010; 

28,  91,  121,  .  00256 
29, 92,  121,  .  00256 
30,  93,  121,  .  00256 
31, 94,  121,  .  00256 

32,  95,  121,  .  OUa'Sft 

33,  96,  121,  .  00256 

34,  97,  121,  00256 
35:98-121,  00256 


TABLE  3 


(con't) 

3o>  99.  121.  00256 

37,  100.  121.  00256 

38,  101,  i21,  00256 

39,  102.  i2l  i  00256 

40,  91,i27,  00017: 

41.92.127,  000171 

42,  93,  127,  .  000 17; 

43,  94,  127,  000171 

44,  95,  127,  .  000171 

45,  9<b,  i27,  .  000 1 7 1 

46. 97. 127,  00017i 

47. 98,  127,  .  000171 

48. 99,  127,  .  000171 

49. 100. 127,  000i7i 

50,  10i,  127,  .  000 i 7 i 

51,  i02.  127,  .  000171 

52,  4i,  i  i3,  .  00i5i 

53,  42,  113,  .  00151 

54,  43,  1 13,  .  00151 

55,  44,  113,  .  0015i 

56,  45,  1 13,  0015i 

57,  46-  113.  OOiSl 

58,  47,  113,.  00478 

59,  48,  1 13,  .  00478 

60,  49,  1 13,  .  00151 

61,  50,  113,  .  00i5i 
62-  51,  113,  00151 

63,  21,  323,  .  0135 

64,  22,  323,  .  0135 

65,  23,  323,  .0135 

66,  24,  323,  .  0135 

67,  25,  323,  .  0135 

68,  26,  323,  .0135 

69,  27,  323,  .  0135 
70- 28, 323,  .  0i35 
71, 29,  323,  .  0135 

72,  30,  323,  .  0135 

73,  31,  223,  .  0434 

74,  32,  323,  .  0135 

75,  33,  323,  .  0135 

76,  34,  323,  .  0135 

77,  35,  323,  .  0135 
73,  36,  323,  ,0i35 
79.  37,  323,  .  0135 
30,  38,  223,  .  027 

81. 323,  423,  .  31 

82. 323.  424,  .  31 

83,  423,  123,  .  31 

84,  424,  123,  31 

85,  7,  108,  1.  12 

86,  7,  e?08.  1.  12 

87,  7,  131,8.  62 

88,  6,  109,  .  0758 
89, 6, 209,  .  0758 

90,  6,  134,  3.  01 

91,  135,  235,  .  237 

92,  235,  335,  .213 

93,  335,  134,  3  79 

94,  150-  110,  .  00188 

95,  151,  110,  .  00188 
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96,  152,  i  iu,  .  OOiS8 

97,  136,  110, 4  98 

98,  121,  125,  .  48 

99,  125.  127.  .  48 

100. 121. 128,  50 

101,  1  cL/,  i30,  50 

102,  117, 120,  .114 

103,  117,  126,  .  114 

104. 117. 128,  .  114 

105. 117. 130,  .  114 
106,  107,  i20,  .  114 
i07, 107, 126,  .  114 
108,  107,  128, .  114 

109. 107. 130,  114 

110,  107, 208, 3.  16 

111,  107,  209,  3.  16 

1 12,  110, 109, 3.  16 
113, 110, 108, 3. 16 
114,  107,  122,  8.  62 
115, 110, 124, 8. 62 
116, 2u8, 209,  .  0608 
1 17,  108,  109,  .  0608 
118, 123, 223,  .  77 

1  i9,  122,  123,  77 
120,  223,  i24,  1.  12 
121. 110.  112,  12  64 
122,  117,  116,  .  82 
123,117,133,  82 
124.  116,  115,  87 

125. 115,  114,  87 
126.  114,  113-  .  97 

127. 133. 132,  97 

128,  132,  131,  .  87 

129,  Ui,  134,  87 

130. 116. 133,  .  626 

1  ,  115,  132 ,  .  626 

132,  114,  131,  .  626 

133,  113,  134,  626 

134,  113,  i,  .  082 

135. 114. 1. .  082 

136. 115,  1,  .  082 

137. 116. 1. .  082 
138, 131. 1.  .  082 
139,  132,  1.  .  082 

140. 133. 1. .  082 
141,  134,  1.  .  082 

END 

BCD  3C0NSTANTS  DATA 

NL0QP=100,  ARLXCA=1 .  0.  DRLXCA=i.  0 

END 

BCD  3ARRAY  DATA 
END 

BCD  3EXECUTI0N 
F  DIMENSION  X(125» 

F  NDIM=i 25 

F  NTH*0 

CINDSS 

END 

BCD  3VARIABLES  1 
END 


« 


* 
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BCD  3VARIABLES  2 
END 

BCD  3GUTPUT  CALLS 
TPRINT 

END 

BCD  3END  GP  DATA 
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TABLE  4 


INDA  RESULTS 


EOR 

SYSTEMS  IMPROVED  NUMERICAL  DIfrEEE»VI«0  $«AHZER  -  -  - 

ASOC  RSMOTING 


TIlEi 

C 

0,00000  DTIMEW* 

o, 

C?<jn*N( 

0)“ 

1  0, 

T 

6o3 

1 ,25000E+02 

T 

61“ 

1,250008+0* 

T 

62“ 

1,250008+02 

T 
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1.2S0OOE+02 

V 
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1,250008*0-* 

T 
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T 
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T 
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T 
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T 
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T 
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T 
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T 

86“ 
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T 
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1.250008+02 

T 
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T 
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1,250008*02 

T 

92“ 

1 ,250008+02 

T 

93“ 

1*250002+02 

T 

97“ 

1,250008+02 

T 

98“ 

1 ,250008*02 

T 

99“ 

1*25000E+02 

T 

41- 

1,250008+02 

T 

42“ 

1,250002+02 

T 

43  = 

1,25000E+02 

T 

47“ 

1,250008*02 

T 

48“ 

1.250008*02 

T 

49“ 

1*2500(JE+02 

T 

22- 

1,250008+02 

T 

23“ 

1,250008+02 

T 

24  = 

1 *25000E+02 

T 

28“ 

1,250008+02 

T 

2g* 

1,250008^02 

T 

30= 

1,250008+02 

T 

34- 

1 ,250008+02 

T 

35  = 

1 ,250008*02 

T 

36  = 

1,25000E+02 

T 

423“ 

1,25000E+02 

T 

424“ 

1,250002+0-! 

T 

7  s 

1,250002+02 

T 

335“ 

1 .25000E+02 

T 

150“ 

1 .250002t0^ 

T 

J51  = 

1,'25000S+02 

T 

120- 

1 .25000E+02 

T 

126* 

1,250008*0^ 

T 

12B  = 

1,250008+02 

T 

108“ 

1.25000E+02 

T 

122- 

1,250008702 

T 

123= 

1 ,25000e+02 

T 

124- 

1,250008+02 

m 

jt. 

HO" 

1 , 250008+02 

T 

ii2* 

1,250002+02 

T 

115- 

1,250008*02 

T 

131- 

1,250008+C^ 

T 

114  = 

1 ,250008+02 

Tin®3  0,00000  DTImBU*  0,'  CagnlNt  U)-  0, 


T 

60  = 

3,114398+02 

T 

Si- 

3  ,  ]  14598-0<! 

T 

62  = 

3,114598+02 

T 

T 

66* 

73- 

3,356868+02 

3, 156268+02 

T 

T 

67. 

74- 

3,556478*02 

3,»98l48:02 

T 

T 

J21  = 
75- 

2,687002+02 
3y5gg 143+02 

T 

80“ 

3,Q45#4e+02 

T 

81- 

3.045648+02 

T 

82  = 

3 ,045648+02 

T 

86“ 

3,267918+02 

T 

87* 

3,«o752870i 

T 

}27“ 

2^6 I797E+02 

T 

91* 

8,933148+02 

T 

92- 

3,6-35  2 18  +  02 

T 

93  = 

3,057718+02 

T 

97* 

4 ,932y48+02 

T 

98“ 

4 ,4325 18+02 

T 

99“ 

4,4328 1E+02 

T 

41- 

2,535038+02 

T 

43“ 

2,535038+02 

T 

43  = 

0,-l8O32E+O2 

T 

47“ 

4,7601 18+02 

T 

40- 

4t76O118+02 

T 

°9“ 

2f'9l939E+02 

T 

22- 

2,063658+02 

T 

23“ 

2.321608T02 

T 

24“ 

2,-4354QE+02 

T 

28“ 

2,081358+02 

T 

2r 

2,68l358+02 

T 

30“ 

2,'09l47E+02 

T 

34- 

2,321608+02 

T 

35- 

2,435408+02 

T 

36  = 

2,-321608+02 

T 

423- 

1,913028+02 

T 

424“ 

1,913028*02 

T 

7s 

1,B35gOE+02 

T 

335- 

1,832582+02 

T 

150“ 

1 , 976  238+03 

T 

151  = 

1  ,'gg623E+03 

T 

120- 

1,820378+02 

T 

120- 

1 ,82O57B,;02 

T 

12e“ 

2,4  1 565E+0  2 

T 

108“ 

1,aMj3E+02 

T 

123- 

1,529028102 

1,812488+02 

X 

123  = 

1,8456.18+02 

T 

124- 

1,80442E+02 

T 

110- 

T 

}12“ 

1,812408+02 

T 

115- 

1,734308+02 

T 

131“ 

i,si858i:«2 

T 

314“ 

1,7590UE+02 

LOOtCT  * 

53  ENGBAL  “ 

,739958+02 

2ND  Of  DATA 
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HD*  rn  rn  m  CDC  6§O0  VERSION  PAG 8  1 


TunPccj 

<3 

u 

•  c 

•m 

R_8iXCC(  0)* 

0. 

T 

63* 

i  ,250008+^2 

X 

64* 

1 .25000E+02 

T 

65* 

3,25QQ0E+02 

T 

70s 

1 | 250005+02 

X 

71. 

1 «  25000E+Q2 

X 

72. 

1,250005+02 

X 

,6s 

1,250008+02 

X 

7  7  = 

1 , 25Q0OE+02 

X 
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1 ,250oOB+02 

T 

83* 

i ,250008+^2 

T 

gU* 

1,250008+02 

I 

8s= 

1,250008+02 

X 

290s 

i  ,25o0ob+i>2 

T 

291  = 

1 ,25000B+02 

T 

292  = 

1 , 250Q0B+02 

X 

y  Us 

1,250002+02 

T 

95  = 

1,250g0E+02 

X 
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1 , 250008  +  02 

I 

100* 

1,250002+02 

T 

101* 

1 ,25000B+02 

X 

102  = 
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I 

44* 

1 ,250002+02 

T 

45  = 

1 ,250^0B+02 

X 

46  = 

1,250005+02 

X 
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1 ,250002+02 

T 

51  = 

1 ,25000B+02 

X 
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1.25000B+02 

X 

25  = 

1 ,250002«-y2 

X 

26  = 

i,250QOE+O2 

X 

27- 

1,25000E+02 

I 

31* 

1,350002+02 

X 

32  = 

1.25090E+02 

X 

33* 

1 ,2bO00E+02 

X 
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1,250002+02 

X 

Ib* 

1,250008+02 

X 
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1,250005+02 

I 

6* 
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X 
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I 
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1,250005+02 

X 
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I 
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1,25O00b+O2 

I 
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i ,250008+y2 

X 

IO7* 

1 ,250g0E+02 

X 

206* 

1,250005+02 

I 

223* 

1 ,250008+02 

X 

209* 

1,250008+62 

X 

IO9* 

1 , 250008+02 

X 

133* 

1,250008+02 

X 

lie* 

1 ,25000E+02 

T 

132* 

1,250005+02 

I 

134* 

1,250008+02 

T 

Ij3* 

i  ,25oooe+62 

X 

1  = 

1,250005+02 

xempcc( 
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?. 

9487e8s01 

I 

63* 

3,3145^8*02 

X 

64* 

3,35647E+02 

X 

65* 

3,356478*02 

X 

70s 

3, 15626E+02 

X 

71» 

3, 15626E+02 

X 

72. 

3,156265+02 

r 

76* 

3,378538+02 

I 

77  = 

^  »^98 1 4  E+02 

T 

12S* 

2,?28695+02 

1 

«3* 

3,6<j504B+02 

I 

84* 

3 , 48752E+02 

X 
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3,487:.2b+02 

1 
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4,569588+02 

X 
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4 , 56g5gE  +  62 

X 

292* 

3,9671 1B+02 

X 
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3,232/28+02 

X 

95* 

3 , 102  /28+02 

T 
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4 , 93284g+02 

1 
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4, j7o30B+02 

X 
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4,932gUE+02 

X 
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3,09521B+02 

X 
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5,1^0328+02 

X 

45* 

4 , 95423E+02 

T 
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1 
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X 
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X 
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X 

26* 

2 , 43340E+Q2 

X 
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I 

33* 
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1 
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2 , 433408+02 

T 
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1,93438E+02 

I 
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X 

3  = 

i  ,e37§08+02 

X 
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2,387O0B+O2 

T 

235* 

2,121025+02 

r 

152* 

2 , 4Q 1 y 5  8  +  02 

X 

136* 

1  ,B4382E+02 

X 
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1,8220^5+02 

r 

130* 

2,368248+02 

X 

IO7* 

1 ,82840E+02 

T 

206* 

1,630208+02 

r 

223* 

1 ,8 1v  /28  +  02 

T 

209* 

1  ,(j2864E+02 

X 

105* 

1,603658+02 

r 

133* 

1  ,75337K+02 

X 

1 16* 

1 ,75042E+02 

X 

132* 

1,7503/8+02 

X 

134* 

1,824018+02 

X 

113* 

1 ,79565E+62 

T 

i= 

1,250008+02 
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THERMAL  MEASUREMENT  OF  THE  ASOC  MODULE 
After  the  ASOC  module  was  constructed,  a  test  unit  was  furnished  to  the 
Systems  Reliability  &  Engineering  Branch  for  thermal  measurement  of  the  unit. 
This  was  necessary  since  many  of  the  predicted  temperatures  were  much  too  high 
to  allow  a  reliable  operation  of  the  ASOC  module.  To  accomplish  the  measure¬ 
ment,  the  ASOC  unit  was  disassembled  and  thermocouples  were  attached  to  a 
number  of  integrated  circuit  packages.  The  thermocouples  were  run  through  the 
ASOC  module  through  an  opening  on  the  end  of  the  module.  These  wires  were 
connected  to  a  Hewlett  Packard  data  acquisition  system  to  record  and  process 
the  data.  Once  it  was  hooked  up  the  ASOC  module  was  powered  and  temperatures 
were  taken  until  the  unit  reached  thermal  steady  state.  Temperatures  of  all 
the  IC's  were  recorded  every  five  minutes.  The  ASOC  module  was  tested  in  the 
ambient  laboratory  environment  (about  70°F).  The  following  contains  the  meas¬ 
ured  temperatures  of  a  number  of  IC's: 


TEST  RESULTS 


I 


Scanner 

Channel 

Thermocouple 

Location 

Measured 

Temperature(°C) 

A  * 

(°C) 

Field  Temperature* 
(°C)(°F) 

Ref  Junction 

27 

01 

Ambient 

23 

02 

Node  91 

50 

21 

73 

163 

03 

Node  96 

44 

21 

73 

163 

04 

Node  62 

44 

21 

73 

163 

05 

Node  67 

41 

18 

70 

158 

06 

Node  47 

57 

34 

86 

187 

07 

Node  43 

47 

24 

76 

169 

08 

Node  150 

47 

24 

76 

169 

09 

Node  31 

36 

13 

65 

149 

10 

Node  25 

42 

19 

71 

11 

Node  135 

42 

19 

71 

160 

*  A  =  Measured  node  temperature  -  measured  ambient  temperature 

*  Field  Temperature  =  52°C  +  A 
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COMPARISON  OF  THE  PREDICTED  AND  MEASURED  TEMPERATURES 
Table  5  shows  data  that  compares  the  predicted  temperatures  with 
the  measured  temperatures.  It  also  shows  how  a  major  source  of  error  impacted 
the  prediction. 

The  first  column  shows  the  node  number  of  the  piece  part  under  the 
heading  of  the  printed  circuit  board  on  which  it  is  placed.  The  second  column 
has  the  temperature  of  the  piece  part  that  was  predicted  by  the  thermal  model. 
The  third  column  has  the  SINDA  prediction  that  has  been  modified  by  a  factor  to 
account  for  electrical  stress.  The  fourth  column  has  the  measured  temperatures. 

The  SINDA  computer  analysis  predicted  temperatures  are  off  by  a 
large  amount,  approximately  a  factor  of  two  for  conduction  cooled  boards  and  a 
factor  of  four  for  convection  cooled  boards.  During  examination  of  the  analy¬ 
sis  and  discussions  with  the  electrical  design  engineers,  a  major  source  of 
error  was  found. 

During  the  thermal  analysis,  the  heat  output  for  each  electronic 
piece  part  was  obtained  by  multiplying  the  maximum  rated  voltage  by  the  maximum 
rated  amperage.  This,  of  course,  gave  the  maximum  wattage  possible.  When  the 
actual  power  used  by  the  ASOC  unit  was  measured,  it  was  found  to  be  much 
smaller  than  the  maximum  rated  power.  This  produced  a  large  error  in  the 
temperature  prediction.  To  eliminate  this  type  of  error,  the  electrical  stress 
should  be  calculated,  then  used  to  calculate  the  power  output  for  each  piece 
part.  In  this  way,  much  of  the  error  incurred  during  an  analysis  could  be 
avoided.  When  the  predicted  temperatures  are  multiplied  by  a  general  power 
factor,  the  temperatures  of  the  conductively  cooled  boards  are  much  closer  to 
the  actual  temperatures,  usually  within  40°F.  This  is  about  right  since  the 
power  factor  is  an  average  value  for  the  entire  ASOC  unit  and  varied  for 
various  ASOC  units  between  .4  and  .6. 

Even  with  using  the  correct  power  output  for  each  IC,  the  convec- 
tively  cooled  board's  temperatures  were  still  off  by  a  factor  of  two.  This 
shows  that  the  thermal  model  used  for  these  boards  is  wrong  and  should  be 
refined.  One  of  the  problems  in  making  these  models  was  the  closeness  of  the 
boards  and  the  fact  that  they  used  conductive  cooling  through  air  instead  of 
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the  common  practice  of  using  metal  heat  sinks.  Because  of  this,  normally  used 
mathematical  models  (based  on  empirical  data)  could  not  be  used  directly,  and 
estimations  had  to  be  made.  This  requires  considerable  experience  in  using  this 
form  of  cooling  with  the  given  constraints.  The  errors  were  on  the 
conservative  side  and  did  show  up  possible  problem  areas  that  were  then 
evaluated  with  thermocouples  during  the  test. 


SINDA 

grediction 


TABLE  5 

TEMPERATURE  COMPARISON 

SINDA  with  Measured 

gower  Correction  Jemperature 


Notes 


power 

bupp  ly 

135 

239 

146 

6 

184 

113 

7 

184 

113 

TVS 

41 

254 

156 

42 

254 

156 

43 

598 

317 

44 

518 

317 

45 

495 

303 

46 

495 

303 

47 

476 

291 

48 

476 

291 

49 

476 

291 

50 

518 

317 

51 

292 

179 

PCM 

80 

305 

187 

81 

305 

187 

82 

305 

187 

83 

305 

187 

84 

349 

214 

85 

349 

214 

86 

349 

214 

TABLE  5  (con't) 


Item 

SINDA 

grediction 

SINDA 

gower 

87 - 

~ m - 

214 

PTT 

290 

457 

280 

291 

280 

292 

397 

243 

PCM 

60 

311 

190 

61 

311 

190 

62 

311 

190 

63 

311 

190 

64 

356 

218 

65 

356 

218 

66 

356 

218 

67 

356 

218 

70 

316 

193 

71 

316 

193 

72 

316 

193 

73 

311 

193 

74 

360 

220 

75 

360 

220 

76 

360 

220 

77 

360 

220 

PCM  Digit 

91 

893 

335 

92 

310 

190 

93 

306 

187 

94 

323 

198 

95 

318 

195 

96 

493 

302 

Measured 

Jemperature 


163 


158 


163 


163 


Notes 


Convection 


Conduction 


Convection 
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Item 


SINOA 


grediction 


SINDA  with 
Power  Correction 


97 - 

98 

443 

271 

99 

443 

271 

100 

437 

267 

101 

310 

190 

102 

310 

190 

Connector 

152 

240 

147 

151 

1996 

1222 

150 

1996 

1222 

T/R  Board 

21 

222 

136 

22 

206 

126 

23 

232 

142 

24 

244 

149 

25 

232 

126 

26 

244 

149 

27 

209 

128 

28 

208 

127 

29 

208 

127 

30 

209 

128 

31 

185 

113 

32 

208 

127 

33 

209 

128 

34 

232 

126 

35 

244 

149 

36 

232 

126 

37 

244 

149 

38 

194 

119 

Measured 

Jemperature 


169 


160 


149 


Notes 
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conversions.  in°C 

c.  Pg  656.  Thermal  conductivity  for  copper. 

d.  Pg  651.  For  a  semi -smooth  surface,  curve  "e"  is  chosen.  Using  a 
contact  pressure  of  25psi,  a  value  of  .3in^°C  is  obtained  for  1. 
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MISSION 

of 

Rome  Air  Development  Center 


S  RAVC  plan*  and  execute*  research,  development,  test  and  % 

•  A  elected  acquisition  programs  In  support  of  Command,  Control  Q 
>  Communications  and  Intelligence  (C3 1)  activities.  Technical  « 
i  and  engineeAing  support  within  areas  of  technical  competence  G 
S  Is  provided  to  ESP  Program  Owlets  ( POs )  and  other  ESP  > 

5  elements.  The  principal  technical  mission  areas  axe  £ 

£  communications,  electromagnetic  guidance  and  control,  sua-  <> 
%  veillance  of  ground  and  aerospace  objects.  Intelligence  data  % 
l  collection  and  handling,  information  system  technology,  £ 

\  Ionospheric  propagation,  solid  state  sciences,  microwave  « 
g  physics  and  electronic  reliability,  maintainability  and  G 

S  compatibility.  > 


